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Introduction

Hemoptysis is a common respiratory symptom, accounting 
for 6.8% of pulmonary outpatient visits, and 11% of 
admissions to pulmonary wards (1). Hemoptysis ranges 
from mild (i.e., blood-streaks) to severe (i.e., hemorrhagic 
shock). It has been estimated that 4.8–14.0% of patients 
presenting with hemoptysis would finally develop massive 
hemoptysis (1-5). Massive hemoptysis [expectoration of a 

large volume of blood or rapid loss of blood (from 100 to 
>1,000 mL per day)] (5-7) is a life-threatening symptom, 
with the mortality ranging from 6.5% to 38.0% (8-11).

Prompt and effective management is crucial to major 
hemoptysis. Currently, mainstream treatment options 
include medication, bronchoscopic intervention, vascular 
embolization and surgical resection (12,13). While 
medication (i.e., tranexamic acid, coagulase) may be 
effective for mild-to-moderate hemoptysis, vascular 
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embolization and surgical resection are usually reserved for 
major or recalcitrant hemoptysis (6,7). The highest reported 
immediate success rate of bronchial artery embolism (BAE) 
could reach to 100%, but the high recurrence could have 
influenced the long-term outcomes, especially in malignant 
lung diseases (14-17). Surgery has the limitations for 
massive hemoptysis because the efficacy is short-lived and 
the post-operative mortality remains considerable (18,19). 
Currently, surgery is mainly reserved for cases of early 
or repeated recurrence of hemoptysis despite BAE (20).  
Moreover, there are some clinical conditions (i.e., poor 
functional status, moderate-to-severe lung function 
impairment, bilateral pulmonary disease) that commonly 
constitute the contraindications for surgery (5,6).

Bronchoscopic intervention (especially rigid bronchoscopy) 
which has the merits of the ease of clearing the blood 
while maintaining adequate ventilation and clear vision, 
has been widely applied for the management of massive 
hemoptysis (12,13,21). Bronchoscopic interventions for 
hemostasis include intubation of endotracheal tube with a 
greater diameter, balloon tamponade, endobronchial stent, 
silicone spigot, laser photocoagulation and argon plasma 
coagulation, most of them have been applied for mild-
to-moderate hemoptysis only. Successful placement of 
endobronchial stents, which helped achieve hemostasis for 
difficult-to-treat massive hemoptysis, has been documented 
in some case reports (22,23). In these studies, stent 
placement was usually reserved as the salvage therapy for 
difficult-to-treat massive hemoptysis by both blockade and 
separation of the bleeding source, thereby maintaining the 
patency of central airways.

The silicone stents have been increasingly adopted to 
manage benign tracheal and tracheobronchial stenosis 
(24,25) and airway fistula (26-28). In this study, we evaluated 
the efficacy and safety of the modified silicone stents in 
patients with major hemoptysis. Our findings indicated the 
roles of the modified silicone stents as the gate-keeping 
therapeutic approach for massive hemoptysis that failed to 
respond to alternative existing approaches.

Methods

Patients

In this single center study, we enrolled patients with massive 
hemoptysis in the bronchoscopy center between May 2016 
and November 2018. The inclusion criteria were: (I) the 
volume of blood expectoration being 500 mL or greater 

in 24 hours, or greater than 100 mL within 1 hour, or 
hemoptysis leading to airway obstruction and hemodynamic 
instability (6,7); (II) patients who were unsuitable or 
unwilling to receive intravascular interventional therapy or 
surgery; (III) hemoptysis recurred repeatedly after surgery 
and/or intravascular interventional therapy; Exclusion 
criteria (29) consisted of: (I) severe cardiovascular and 
cerebrovascular diseases; (II) severe thrombocytopenia 
and/or severe coagulopathy; (III) severe facial injuries that 
hampered rigid bronchoscope placement; (IV) cervical spine 
instability; (V) bilateral diffuse hemorrhage. Patients were 
further categorized into unstable group (developed airway 
obstruction with ongoing bleeding) and the temporarily 
stable group (had a high risk of airway obstruction).

The protocol has been approved by the Institutional 
Review Board of The Second Affiliated Hospital of Xiamen 
Medical College (Approval No: 2018033) and all patients 
signed written informed consent before rigid bronchoscopy.

Clinical data review

We extracted the following clinical information from 
medical records, including age, gender, primary underlying 
disease, previous treatment, the duration of massive 
hemoptysis, the site of the occluded segment, recurrence 
of massive hemoptysis, complications and the duration 
of follow-up. The duration of massive hemoptysis was 
calculated as the time from the onset of massive hemoptysis 
until stent placement. We analyzed the technical success 
rate and clinical success rate. Technical success was defined 
as the successful fabrication and placement of the modified 
silicone stent that led to immediate hemostasis during 
bronchoscopy. Clinical success was defined as no ongoing 
massive hemorrhage during follow-up. We recorded, if any, 
the complications such as airway rupture, stent migration, 
suture dehiscence, granuloma proliferation, sputum 
plugging and respiratory tract infection.

Bronchoscopic procedures

The emergency endoscopic management was required 
in unstable group, while placement of the stent was 
usually achieved between the intervals of two neighboring 
episodes of hemoptysis in stable group. The bronchoscopic 
procedures were as follows:

Immediately following general anesthesia, rigid 
bronchoscopy was inserted with close monitoring of 
electrocardiogram and continuous ventilation. We took 
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precaution of active bleeding during operation, including 
local instillation of hemostatic medications, balloon 
tamponade, intubation supplies with endotracheal tubes 
with larger sizes. In unstable group, these measures were 
initially performed to maintain airway stabilization before 
stent placement. The flexible bronchoscopy was performed 
before stent placement to identify the site of bleeding. 
Furthermore, the length and the inner diameter of airway 
lesion were measured for selection of the appropriate stent 
when becoming stable. To further confirm the luminal 
diameter of the target bronchus, the sterilized straight stent 
segments with different outer diameters were used under 
rigid bronchoscopy to detect the optimal size of the stent.

Commercial customization of the silicone stent would be 
impractical, hence, we have manually modified the stent’s size 

during bronchoscopy. After confirming the size, one of the 
branches of the Y-shaped stent was randomly selected as the 
occluded branch. Based on flexible bronchoscopic findings, 
the length of each branch was manually adjusted with 
scissors. The distal end of the occluded branch was sealed 
with nylon wires by continuous locking suture, in which the 
distance between the continuous sutures should be less than 
2 mm (5–10 mm in common surgeries) to avoid leakage.

Finally, the modified silicone stent consisted of the 
occluded branch, the main branch and the lateral branch 
(Figure 1A). To ensure that the occluded branch has tightly 
adhered to the bronchial wall, the outer diameter of the 
occluded branch should be approximately 10% greater than 
that of the affected bronchus. We fitted a suitable stent ring 
by nesting or suturing to the selected stent in case the size 

Figure 1 Illustration of the modified silicone stent. (A) The modified silicone stent consisted of the main branch, the lateral branch, the 
occluded branch; (B) the suitable stent rings were sutured to the main branch and the lateral branch of Silicone stent; (C) the stent ring was 
sutured to the occluded branch.

A

B C
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was unfit (either for the outer diameter or the length of 
occluded branch). Efforts have been made to ensure that the 
stent would fit tightly to the bronchial wall (Figure 1B,C).

Thereafter, the modified stent was placed into the 
folding system. Under general anesthesia, the stent was 
implanted into the appropriate location through rigid 
bronchoscopy (Figure 2), and adjusted by using the surgical 
grasping forceps or foreign-body forceps. All patients were 
carefully and continuously monitored. After stenting, the 
expectorants were used through nebulization, intravenous 
injection and oral administration. Within one week after 
stenting, all patients underwent bronchoscopy and chest 
CT to identify the location of stent and airway patency.

Follow-up schemes

We followed-up patients after the first bronchoscopy. The 
frequency of follow-up depended upon the overall well-
being and complications. Overall, patients were evaluated 
bronchoscopically for three times weekly or once monthly. 
Patients were invited to undergo computed tomographic 
scans once monthly or bimonthly. The reassessment 
included respiratory symptoms (cough, sputum, and 
dyspnea), recurrence of massive hemoptysis and the stent-
related complications. We recorded the interval from 
stent placement in patients who experienced recurrence of 
massive hemoptysis.

Figure 2 The bronchoscopic view of the stent placement. Stent placement in an 85-year-old male patient with bronchiectasis.  
(A) Bronchoscopic image of the carina, left main bronchus and right main bronchus; (B) the blood clot in the opening site of left superior 
bronchus before stenting; (C) the left main bronchus after stenting; (D) the inner surface of the occluded branch in left superior bronchus.
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C D
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Statistical analysis

SPSS version 18.0 (SPSS Inc., USA) was used for data 
analysis. Continuous characteristics were expressed as 
mean ± standard deviations, and categorical variables were 
presented as count (percentage).

Results

We enrolled 14 patients who underwent bronchoscopic 
placement of the modified Sil icone stent.  Table 1 
demonstrates the patient’s characteristics and previous 
management for massive hemorrhage. All patients were 
males, with the mean age of 58.5 (range, 38–85) years. Ten 
patients had metastatic lung cancer, three had destroyed lung 
due to previous pulmonary infections (two had tuberculosis 
and one had purulent pleurisy), and one had bronchiectasis. 
All patients had responded poorly to vasoconstrictive agents. 
The median duration of massive hemoptysis was 35.5 (range: 
11.8–104.3) hours. One patient had undergone both BAE and 

surgery, which failed to ameliorate massive hemoptysis. Two 
patients underwent BAE before stenting which still failed 
to achieve hemostasis. The other 11 cases were unsuitable 
(i.e., high risks of central airway blockage, non-active arterial 
bleeding, poor global conditions) or unwilling to undergo 
intravascular interventions or surgery. Based on our grouping 
scheme, four patients were categorized in unstable group and 
ten in temporarily stable group.

The modified si l icone stents were successful ly 
inserted to the target bronchus in 14 patients. Notably, 
immed ia t e  con t ro l  o f  mas s i ve  hemorrhage  was 
unanimously achieved during bronchoscopy (technical 
success rate: 100%). Dyspnea was ameliorated in eight 
patients (57.1%) immediately after stent placement. 
The mean duration from bronchoscopic inspection 
to successful placement of the stent was 69.6 (range, 
58.0–96.0)  minutes .  The mean durat ion of  s tent 
fabricat ion was 30.2 (range,  21.0–36.0)  minutes .  
Each patient received the placement of only one stent. 
Three sizes of silicone stents were used, including Y  

Table 1 Clinical characteristics of patients

No
Age 
(yrs)

Sex Primary disease Prior treatment
Occluded 
bronchi

Type of stent 
(Ya-b-b)§

Duration of 
procedure

Follow-up 
(months)

1 60 Male Lung cancer None LMB Y15-12-12 65 0.3

2 48 Male Lung cancer None RMB Y18-14-14 68 0.3

3 38 Male Post-tuberculous 
destroyed lung

BAE and surgery LMB Y16-13-13 74 21.3

4 46 Male Lung cancer None LMB Y16-13-13 72 7.6

5 57 Male Lung cancer None RSB Y16-13-13 60 5.2

6 66 Male Lung cancer None RMB Y18-14-14 68 6.4

7 85 Male Bronchiectasis None LSB Y15-12-12 59 1.3

8 62 Male Lung cancer None RIB Y16-13-13 78 3.2

9 65 Male Lung cancer None LSB Y15-12-12 65 9.3

10 50 Male Lung cancer BAE RSB Y16-13-13 73 7.2*

11 77 Male Destroyed lung after 
purulent pleurisy

None RMB Y15-12-12 66 12.8

12 67 Male Post-tuberculous 
destroyed lung

BAE RMB Y16-13-13 58 1.2*

13 50 Male Lung cancer None LMB Y15-12-12 73 6.8

14 48 Male Lung cancer None RMB Y15-12-12 96 2.8*

RMB, right main bronchus; LMB, left main bronchus; LSB, left superior lobar bronchus; RSB, right superior lobar bronchus; RIB, right 
inferior lobar bronchus. *the patient who was lost to follow-up before the deadline. §“Y” refers to the shape of stent, “a” and “b” refer to 
the outer diameters of the main branch and the two branches, respectively. The diameter is presented as millimeters.
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15-12-12 in six cases, Y 16-13-13 in six cases and Y 18-14-14  
in two cases (Y denotes the shape of stent; the numbers 
denoted the outer diameter of the main branch and the 
two branches, respectively). The occluded branches were 
deployed on the right main bronchus in four cases, the 
left main bronchus in five cases, the right superior lobar 
bronchus in two cases, the left superior lobar bronchus in 
two cases and the right inferior lobar bronchus in one case.

To better achieve sealing, the rings of stent were connected 
to the Y stent by sleeve-suture for full dilation of the outer 
diameter in three cases. The stent ring was connected to the 
occluded branch in two cases, and the main branch and the 
lateral branch in one each case, respectively.

The median follow-up was 5.8 (range, 0.3–21.3) months. 

Four patients underwent tracheal intubation to maintain 
ventilation after stenting and successfully extubated 
within 6 days (mean: 3.3 days). Twelve cases experienced 
no recurrence of massive hemorrhage after only a single 
course of intervention (clinical success rate: 85.7%), 
except for several episodes of sputum production with 
blood streaks in 4 cases. Stents were removed safely at 5.7 
and 21.1 months in two patients (who had bronchiectasis 
and post-tuberculous destroyed lungs), respectively. 
Dynamic observations of stent placement to removal are 
demonstrated in Figure 3. Two cases (14.3%) suffered 
from recurrence of massive hemoptysis after the first stent 
placement, which occurred at day 4 and 6, respectively. 
The recurrence of massive hemoptysis was resolved by 

Figure 3 Removal of the modified silicone stent. The courses of removal of the modified silicone stent in a 38-year-old patient with post-
tuberculous destroyed lung. (A) The branches of the Y stent stretched into left main bronchus and right main bronchus, respectively; (B) the 
occluded branch of the stent in the left main bronchus; (C) bronchoscopic view of the carina, left main bronchus and right main bronchus 
after stent removal; (D) bronchoscopic view of left main bronchus after stent removal.
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the replacement of a second stent. However, one of the 
two recurrent cases succumbed 11 days after the second 
procedure due to severe aspiration pneumonia.

Stent placement was well tolerated in all patients. 
Cough and postoperative retrosternal pain were the two 
most common adverse events, most of which could be 
spontaneously relieved within 2 weeks. Antitussive agents (i.e., 
dextromethorphan and codeine) and a three-step analgesic 
scheme (i.e., diclofenac, celecoxib, tramadol, morphine and 
adanon) were applied to relieve the intractable symptoms. No 
stent migration, airway rupture and suture dehiscence took 
place during follow-up. Pulmonary infection occurred in five 
patients (35.7%) within a week after stenting, four of whom 
with mild infection were managed by intravenous antibiotics 
while one cases mentioned above suffered uncontrolled 
diffuse pneumonia. Granuloma proliferation was identified 
in all cases within a month after stenting. However, severe 
granuloma proliferation was detected in a single case only 
(7.1%), which was managed by cryosurgery and argon 
plasma coagulation. Mucus plugging was also common 
after stenting (seen in nine cases, 64.3%), which could be 
managed via bronchoscopy at different frequency (from twice 
weekly to once monthly). In addition, three cases were lost 
to follow-up and seven patients succumbed. The causes of 
death were primary tumor progression (n=3, 21.4%), left 
heart failure (n=2, 14.3%), respiratory failure (n=1, 7.1%) 
and uncontrolled pneumonia (n=1, 7.1%, which was possibly 
related to stent placement).

Discussion

Our study suggested that placement of the modified silicone 
stent under rigid bronchoscopy could effectively and safely 
manage the massive hemoptysis that responded poorly to 
alternative therapeutic approaches. This is the first study 
with the largest sample size which explores the efficacy and 
safety of the modified silicone stent for difficult-to-treat 
massive hemoptysis.

The common causes of massive hemoptysis included 
advanced lung cancer, tuberculosis, bronchiectasis and 
necrotizing pneumonia (6,30). Unfortunately, no expert 
consensus exists on defining massive hemoptysis, especially 
difficult-to-treat massive hemoptysis. Currently, a preferred 
definition is based on the presence of severe adverse events 
such as respiratory failure and hemodynamic instability (30)  
which has often been recognized as a potentially lethal 
condition with limited therapeutic options. Maintaining 
airway patency and fluid resuscitation have been crucial (1,31). 

Fiberoptic bronchoscopy should be immediately performed to 
clear airway secretions and blood clots, which would provide 
the crucial time window for further rescue management.

Conventional medication (i.e., topical instillation of 
vasoconstrictive agents) is effective in patients with mild-
to-moderate, but not massive, hemoptysis (32,33). BAE 
remains the first-line treatment for massive hemoptysis 
because it is less invasive and can achieve satisfactory 
short-term outcome in most cases (34-36). The immediate 
success rate of BAE reportedly ranged from 60% to 100%  
(12-14,34). However, BAE is not well tolerated among 
patients with malignancy (37), and can only be performed 
when patients remain hemodynamically stable and have 
adequate oxygen saturation. Moreover, the efficacy and 
recurrence depend largely on the underlying etiology (i.e., 
higher treatment success rate for benign vs. malignant 
diseases). Furthermore, recurrence of massive hemoptysis 
was common among patients with advanced lung cancer 
(38,39) who were often unable to receive repeated courses 
of BAE. For instance, Syha et al. (40) reported that the 
recurrence-free survival in patients with malignancy was 
34% at year 1 and 0% at year 3, which was significantly 
lower than that in benign diseases (94% at year 1 and  
87 % at year 10). Notably, BAE would not be recommended 
for non-active arterial bleeding, or a lack of contrast 
enhancement of the mass on chest computed tomographic 
scans (34). Surgery is an alternative option for massive 
hemoptysis, but the postoperative mortality could range from 
20% to 30% (12,41) and the postoperative recurrence was 
reportedly high. Importantly, surgical resection cannot be 
tolerated in patients with poor functional status (i.e., moderate-
to-severe lung function impairment). Therefore, surgery has 
limitations for the management of massive hemoptysis.

There are other bronchoscopic interventions that 
help achieve hemostasis (6). Local instillation of topical 
vasoconstrictive agents is effective in mild-to-moderate, but 
not massive, hemoptysis. Laser photocoagulation, argon 
plasma coagulation and electrocautery can only be used 
in bronchoscopically visible central airway lesions, which 
only account for a small proportion of cases with massive 
hemoptysis. Although successful placement of silicone 
spigot has been described in some studies (42-44), no 
follow-up investigations have been conducted. It was used 
as temporary treatment and was removed in a short time. 
Unlike balloon tamponade, the effect of endobronchial 
obstruction is l imited to a bronchial subsegment. 
Furthermore, endobronchial placement of the spigot is 
challenging particularly for emergency use.

javascript:;
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While bronchoscopic intervention by intubation with 
an endotracheal tube or placement of endobronchial 
balloons could offer a temporary relief, endobronchial 
stent placement offers a more durable protection of the 
unaffected lung without prolonging mechanical ventilation. 
Stent placement had been occasionally reported to 
effectively manage massive hemoptysis in some case report 
(especially in those who failed to respond to alternative 
treatments) (22,23,45-47). The stent used to seal the 
airway mainly included the covered metallic and silicone 
stent. Although the former could be deployed more 
readily, it was impractical to be fabricated manually to 
fit the airway morphology well. In fact, placement of the 
modified silicone stent has become the preferred approach 
for clinical application (48). The feasibility of manual 
fabrication has tailored to the various shapes and sizes of 
airways. Moreover, the stent can be readily withdrawn from 
the airways. The smooth inner surface may facilitate the 
clearance of airway secretions. Furthermore, the studs have 
been designed to prevent the stent from migration.

There are more reasons that justify stent placement 
in our scenario. Endobronchial tamponade has been the 
palliative therapeutic approach, which provides the crucial 
time window for subsequent treatment. However, the 
patients in poor general conditions (especially those with 
advanced malignant diseases) cannot tolerate the major 
complications in the subsequent treatments. Building on 
our experience for managing malignant airway stenosis and 
fistula, we have explored for the relatively long-term efficacy 
of the modified silicone stent. The successful placement of 
the stent can avoid additional interventions, which could 
also be cost-effective. Hence, placement of the modified 
silicone stent could be deemed as the gate-keeping approach 
for difficult-to-treat massive hemoptysis, especially in 
patients with unstable airway conditions, poor response 
to mainstream treatments and a limited life expectancy. 
Moreover, there are very few absolute contraindications 
(described in the exclusion criteria), rendering it potentially 
suitable for use in a variety of clinical conditions. However, 
there remain some disadvantages for the modified silicone 
stent. First, the stent may induce irritating cough because 
it is a foreign body. Second, displacement could be 
potentially life-threatening. Third, rigid bronchoscopy may 
not be available universally given the need for specialized 
equipment and training (13).

The proper precaution in peri-operative period is a 
significant factor to the clinical success of stent placement. 
We have provided circulatory and ventilatory supports 

by establishing the intravenous channel and continuous 
ventilation. The bronchoscopic instruments were ready for 
emergency use. The general anesthesia can avoid the cough-
induced hemoptysis. Besides, the appropriate prevention and 
management of complications have substantially improved 
the efficacy and patient’s tolerance. The stent has been 
tailored to the size of the airway walls, thus forming tight 
seals which could strengthen the blocking effect and reduce 
the risk of displacement. The standardized techniques 
of suture might have further avoided suture dehiscence. 
The use of expectorant through nebulization, intravenous 
injection and oral administration has a role in alleviating 
airway mucus plugging. The application of prophylactic 
and therapeutic antibiotics in the perioperative period could 
further reduce the risk of complications especially chest 
infections. Finally, bronchoscopic reassessment also helped 
maintain the airway patency.

There is no consensus on the optimal duration of stent 
placement. For patients with benign disease, the stent 
could be removed safely when the culprit lesion had been 
removed. However, the optimal timing to remove the stent 
remains controversial (49,50). For malignant diseases, 
however, stent removal is not recommended (49-51).

There are notable limitations of our study. This was 
a retrospective analysis, making it difficult to perform 
survival analysis given the incomplete data recording. We 
did not compare the efficacy with other existing treatment 
approaches. However, massive hemoptysis is known to 
respond poorly to other candidate treatment approaches 
in all cases. Moreover, we did not compare our data with 
the historical documentation because the study design and 
endpoints were not directly comparable.

Conclusions

In conclusion, the modified Silicone stent is effective and 
safe for difficult-to-treat massive hemoptysis, especially in 
malignant diseases. Further prospective studies with large 
sample sizes are warranted.
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